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4 - Gene Encoding Resistance to Acetolactate Synthase-Inhibiting Herbicides 

6 ABSTRACT ^ 

7 The present invention describes a novel mutation in the acetolactate synthase (ALS) gene, 

8 which is the target site for several important classes of herbiddes including the sulfonylureas, 

9 imidazolinones, pyrimidinyloxybenzoates, and triazolopyrhnidines. This mutation results in a 

10 single amino acid change within a conserved region of the ALS amino acid sequence. This 

1 1 mutation creates an ALS enzyme with a unique pattern of cross-resistance to all sulfonylurea, 

12 imidazolinone, pyrimidinyloxybenzoate, and triazolopyrimidine herbicide chemistries. 

13 < 
14 

15 DESCRIPTION OF THE INTELLECTUAL PROPERTY 
16 

17 4. If an INVENTION, provide a complete description and identify and describe the novel 

18 or unusual features. 
19 

20 

21 Herbicides have simplified weed management in agriculture and provide a highly effective 

22 means of keeping weed populations at acceptable levels. However, crop sensitivity to numerous 

23 herbicides limits the use of these herbicides to tolerant crops only. Certain herbicides currently 

24 roistered for use in crops still result in injury even at normal use rates. Crop injury increases 

25 when higher application rates are required to manage large weeds or heavy infestations that are 

26 beyond control with normal use rates. In extreme situations, the only effective herbicides 

27 available may result in significant crop injury. Furthermore, residual herbicides remaining in the 

28 soil are often a problem with rotation to a sensitive crop the following season, which may hinder 

29 the use of effective herbicides based on rotational restrictions. Modification of crop plants to 

30 create herbicide resistance has been an effective tool to increase weed control, minimize crop 

31 injury, allow applications of herbicides in crops with previous sensitivity, reduce herbicide 

32 inputs, and make use of more environmentally sound herbicide options. Transgenic crops 

33 resistant to a specific herbicide have been developed by transformation with target enzymes that 

34 are insensitive to that specific herbicide. 
35 

36 Acetolactate synthase (ALS) is an enzyme that catalyzes the initial step in the branched chain 

37 amino acid biosynthetic pathway. ALS is the target site of several classes of unrelated herbicide 

38 chemistries, including sulfonylureas (SU), imidazolinones (EMI), pyrimidynloxybenzoates 

39 (FOB), and triazolopyrimidines (TP) (Table 1). Currently, ALS-inhibiting herbicides comprise 

40 the largest mode-of-action group in use due to broad-spectrum weed control in a variety of crops 

41 at very low application rates. In addition, ALS-inhibiting herbicides have very low mammalian 

42 toxicity. These characteristics have increased the importance of these herbicides in production 

43 agriculture and have attracted the development of ALS-resistant crops. 
44 

45 A singje nucleotide mutation in the ALS enzyme is capable of conferring resistance to ALS- 

46 inhibiting herbicides. Mutations have been identified in five highly conserved domains along the 

47 DMA sequence coding for the ALS enzyme in higher plants. Each domain contains a single 
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1 * variable residue, that when substituted, confers resistance to ALS-inhibiting heibicides. In most 

2 cases, a single substitution results in target-site cross-resistance differences between ALS- 

3 inhibiting heibicide chemistries (Table 2). A substitution reported at Alans in domain C of 

4 common cocklebur resulted in resistance to IMI herbicides only. The identical mutation was 

5 found in a commercial field com hybrid, ICI 8532 IT, and sugar beet line Sur, which are crops 

6 resistant to only IMI herbicides (Bemasconi et al., J. Biol. Chem. (1995) 270:17381-17385; 

7 Wright et at, Weed Sci. (1998) 46:13-23). Substitutions at Pro w in domain A have resulted in a 

8 high levels of resistance to SU herbicides with little or no resistance to IMI herbicides (Guttieri 

9 et al., Weed Sci. (1992) 40:670-676; Guttieri et al., Weed Sci (1995) 43:175-178; Boutsalis et aL, 

10 Pestic. Sci. (1999)55:507-516). A domain E mutation of Ser 6 7o to Asp resulted in a high level of 

11 resistance to IMI heibicides with low SU resistance (Devine and Eberlein, Herbicide Activity: 

12 Toxicology, Biochemistry and Molecular Biology (1997) 159-185). High-level cross-resistance 

13 between ALS-herbicide chemistries has been shown previously with field isolated common 

14 cocklebur {Xanihhim strumarium) biotypes exposed to several years of ALS selection pressure 

15 (Bemasconi et al., J. Biol. Chem. (1995) 270: 17381-17). The isolated protein from one resistant 

16 biotype had a Trp 552 to Leu mutation as compared to the susceptible population. This mutation 

17 corresponded to the Trp*42 to Leu mutation in a commercial corn hybrid, Pioneer 3 1 80 BR, which 

18 exhibited broad-range tolerance to ALS-inhibiting herbicides. A second cocklebur field isolate 

19 had a substitution of Alaig3 to Val in Domain D that conferred similar cross-resistance patterns to 

20 the mutation found in domain B (Woodworth et al., Plant Physiol. (1 996) 1 1 1 :41 5). 
21 

22 Seeds from a smooth pigweed (Amaranthus hybridus L.) population (Rl 1-AMACH) were 

23 collected from a field in southeastern Pennsylvania where extreme ALS-inhibitor herbicide 

24 selection pressure was imposed over a several year period within continuous soybean production. 

25 Rl 1-AMACH was selected naturally with ALS-inhibiting herbicides representative of the SU, 

26 IMI, and TP heibicide chemistries. 
27 

28 To establish levels and patterns of ALS resistance, Rl 1-AMACH and an ALS susceptible 

29 smooth pigweed biotype (S-AMACH) were screened in the greenhouse with various rates of the 

30 ALS-inhibiting herbicides, chlorimuron (SU), thifensulfuron (SU), imazethapyr (IMI), 

31 pyrithiobac (POB), and cloransulam-methyl (TP). Rates evaluated were based on a loglO scale 

32 that included 0, l/100x, l/10x, Ix, 10x, and 100x, where Ix corresponds to the normal use rate in 

33 the field. Rl 1-AMACH responded differently to the rate increase as compared to S-AMACH. 

34 With all herbicides applied, Rl 1-AMACH showed high-levels of resistance based on the 

35 response of the S-AMACH. Visual control, height, biomass, and biomass reduction are 

36 presented separately for chlorimuron (Table 3), thifensulfuron (Table 4), imazethapyr (Table 5), 

37 pyrithiobac (Table 6), and cloransulam (Table 7). Evaluations and measurements were recorded 

38 3 weeks after heibicide treatment (WAT). Visual control was based on a scale of 0-99%, whore 

39 0% represents no control and 99% represents complete control. Biomass represents plant dry 

40 weights recorded several days after plants were harvested. Biomass reduction was calculated 

41 based on the amount of biomass reduced by heibicide treatment compared to the untreated plant 

42 biomass. Results show Rl 1 -AMACH resistance levels above 100 times the normal use rate to 

43 both SU herbicides, chlorimuron and thifensulfuron, and to the TP herbicide, cloransulam- 

44 methyl. Resistance levels to IMI and POB heibicides, imazethapyr and pyrithiobac, respectively, 

45 were greater than 10 times the normal use rate. Illustrations of the Rl 1-AMACH biotype 

46 response 3 WAT are presented for the various rates of chlorimuron (Figure 2), thifensulfuron 
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1 - (Figure 3), imazethapyr (Figure 4), pyrithiobac (Figure 5), and cloransulam (Figure 6). Results 

2 indicated Rl 1-AMACH has target-site cross-resistance to four classes of structurally unrelated 

3 chemistries of ALS-inhibiting herbicides, namely SU, IMI, POB, and TP. 
4 

5 To establish why Rl 1-AMACH exhibited high-levels of resistance to four classes of ALS- 

6 inhibiting herbicides, ALS enzymes from Rl 1 - AMACH and S-AMACH were isolated and 

7 sequenced. The Rl 1-AMACH nucleotide sequence is presented in Figure 6a and the 

8 corresponding protein in Figure 6b. The nucleotide sequence of S-AMACH is presented in 

9 Figure 7a and corresponding protein in Figure 7b. No nucleotide differences were observed 

10 between Rl 1-AMACH and S-AMACH in any of the five previously reported conserved domains 

1 1 known to confer ALS resistance in higher plants. However, a single amino add difference was 

12 discovered in the Rl 1-AMACH biotype ALS that occurred in a conserved region previously 

13 unreported to confer ALS resistance in higher plants (Figure 8). This region consists of the 

14 amino add residues, GVRFDDRVTGK, which are identical to that of corn (Zea mqys\ cotton 

15 (Gossypium hirsuium), canola (Brassica napus), rice (Oryza sativd), tobacco (Nicotiana 

16 tabacum), and Arabidopsis ihaliana. The conserved region corresponds to positions 379 to 389 

17 of the Arabidopsis ALS coding sequence. At position 375 of the smooth pigweed ALS amino 

18 add sequence, S-AMACH contained an aspartic acid residue, whereas Rl 1-AMACH contained 

19 a glutamic add residue (Figure 8). The amino acid change was a result of a single point 

20 mutation in the nucleotide sequence of Rl 1-AMACH where A replaced G in the sequence GAG 

21 encoding for aspartic acid (underlined residue is point of mutation). This invention provides a 

22 functional ALS enzyme in higher plants with the amino acid sequence described in Figure 6b, 

23 which confers resistance to ALS-inhibiting herbiddes comprising four structurally unrelated 

24 chemistries. 
25 

26 

27 5. What is the existing technology/art to which you are comparing? 

28 

29 The existing technology encompasses functional enzymes in higher plants with ALS-inhibiting 

30 herbicide resistance characteristics. As stated previously, the majority of mutations in the ALS 

31 gene that confer resistance to ALS herbiddes are specific for a certain ALS-chemistry, 

32 conferring high levels of resistance to one or two of the ALS-chemistries. Two ALS gene 

33 mutations in previously reported domains confer high levels of cross-resistance to four ALS- 

34 inhibiting herbicide chemistries, specifically SU, IMI, POB, and TP (Bernasconi et al., J. Biol. 

35 Chem. (1995) 270:17381-17385; Bernasconi et al., (1995) U.S. Patent No. 5,633,437; 

36 Woodworth et al., Plant Physiol (1996) 111 :415). Both mutations were reported to confer cross- 

37 resistance in common cocklebur and one to a commercially available corn hydrid, Pioneer 

38 31 80R. Other crops have been transformed with known ALS mutations that confer resistance 

39 specifically to SU or IMI herbicides. Transformed crops with a sulfonylurea resistant ALS 

40 enzyme include cotton, soybean, corn, sugarbeet, flax, tobacco, and canola. Imidazolinone 

41 resistant ALS enzymes have been transformed into coin, wheat, and rice. Site-directed 

42 mutagenesis of the yeast ALS gene at position 384 where valine, asparagine, or glutamic acid 

43 were introduced has shown to result in a SU resistant transformant (Bedbrook et al., (1995) U.S. 

44 Patent No. 5,378,824). Position 384 of yeast corresponds to position 375 of the smooth pigweed 

45 ALS amino acid sequence. Introduction and expression of a glutamic acid mutation at position 

46 384 has not been demonstrated in higher plants under laboratory conditions. 
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1 • 6. How docs your invention differ from present technology, what problems does it solve, or 

2 what advantages does it posses? (This should be written so someone skilled in the art can 

3 understand it.) 
4 

5 The present invention provides a functional ALS enzyme resistant to four structurally unrelated 

6 ALS-inhibiting herbicide chemistries. ALS resistance is conferred by a single amino add 

7 mutation in a conserved region previously unreported along the ALS gene in higher plants. Two 

8 separate mutations in other conserved regions of the ALS gene have been reported to confer 

9 cross-resistance to four classes of ALS-inhibiting herbicides. The ALS-resistant enzyme 

10 di sclosed provides another option to confer broad-based ALS-resistance to wop plants. Cross- 

11 resistance characteristics conferred to crop plants would allow the option to apply any ALS- 

12 inhibiting herbicide, which would increase the number of herbicides available to apply on that 

13 crop for the given weed spectrum. Crop plants with single ALS-resistance characteristics are 

14 advantageous, but heibicide options are specific for that chemistry of ALS-inhibiting herbicides 

15 or other herbicides to which the crop has natural tolerance. Currently, many crops are tolerant to 

16 a limited number of herbicides, which usually results in a high cost of weed control. 
17 

IS 

19 7. If not indicated previously, what are the possible uses and markets of the 

20 INTEIXECTUAL PROPERTY? In addition to immediate applications, are there other 

21 uses that might be realized in the future? 

22 

23 ALS-inhibiting heibicides comprise the largest mode-of-action group on the market today and 

24 include four chemically unrelated herbicide families that provide the capability for a broad-range 

25 of weed control selectivity. The present invention can be transformed into crop plants to confer 

26 selective resistance to four classes of structurally unrelated chemistries of ALS-inhibiting 

27 heibicides. A crop transformed to tolerate all four classes of ALS-inhibiting herbicides would 

28 provide an option to apply any of the numerous ALS herbicides, which would broaden the 

29 spectrum of weeds controlled. This invention has a potential to be utilized in any crop species, 

30 but would specifically be advantageous to crops with few herbicide options or sensitivity to 

31 residual carry-over from the previous season. Further transformations may be possible to 

32 combine the disclosed invention with another herbicide resistance trait to confer resistance to 

33 ALS-inhibiting herbicides, as well as other herbicide modes of action. This "stacking" of 

34 heibicide resistance traits will further broaden herbicide options for the given weed population 

35 density and spectrum. ALS-inhibiting herbicides are currently a major portion of the herbicide 

36 market; therefore, many major chemical companies have focused research on these compounds 

37 and generation of ALS-resistance crops. New ALS-inhibiting herbicide chemistries may be 

38 developed in the future to which this invention provides a mechanism of resistance, thereby 

39 further increasing the value of this invention. 
40 

41 
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11 2. Has the INVENTION been tested experimentally? x Y es No 

12 Are experimental data available? x Y es No 

13 If possible, attach a copy of the key experimental results. If necessary, who should be 

14 ' contacted for access to the data? 
15 

16 Key experimental results are attached as Tables 3, 4, 5, 6, and 7 and Figures 1, 2, 3, 4, 5, 6a, 6b, 

17 7a, 7b, and 8. 
18 

19 

20 3. Are there known INVENTIONS by others that are related to this one? Please describe, 

21 including literature references to relevant patents and publications that most closely 

22 describe the state of the related art prior to your invention. 

24 Site-directed mutagenesis of the yeast ALS gene with valine, asparagine, or glutamic acid at the 

25 same position as the current invention resulted in a SU resistant transformant (Bedbrook et al., 

26 (1995) U.S. Patent No. 5,378,824). In this case, patterns of cross-resistance to ALS chemistries 

27 were not evaluated. Furthermore, introduction and expression of glutamic acid at this position 

28 has not been demonstrated in higher plants under laboratory conditions. Two ALS enzymes 

29 isolated from a higher plant conferred cross-resistance to four-chemistries of ALS-inhibiting 

30 herbicides. The mutations conferring resistance occurred in a different region than the current 

31 invention (Bernasconi et al, J. Biol. Chem. (1995) 270:17381-17385; Bemasconi et al., (1995) 

32 U.S. Patent No. 5,633,437; Woodworth et al., Plant Physiol. (1996) 111:415). Both mutations 

33 were reported to occur naturally in common cocklebur and one was reported to confer resistance 

34 in a commercially ; 
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1. Please describe briefly the impact this INTELLECTUAL PROPERTY is likety to have 
on the field of endeavor (i.c, marginal improvement, significant change, revolutionary 
upheaval, creates new field, etc) and why. 

The intellectual property disclosed will improve upon the current ALS-resistant enzymes that 
confer resistance to only a single chemistry of ALS-inhibiting herbicides in crops. The 
intellectual property wUl provide the opportunity to apply four ALS-tnhibiting chemistries on a 

transformed crop. Greater flexibility in herbicide application will expand the ALS-inMbitor 
herbicide market, as well as provide more herbicide options for weed control while upholding 
crop safety. 

2. Please describe briefly the stage of development of the INTELLECTUAL PROPERTY 
(i.c, conceptual idea, theoretical design, prototype, complete product/process, outline, 
rough draft, finished work of authorship, ready for commercial testing/marketing, etc) 
and give an estimate of the nature and amount of work that still remains to be done before 
a commercial venture/product is obtained. 

Cross-resistance to four structurally unrelated ALS-inhibiting herbicide chemistries has been 
exhibited on the whole-plant level with the Rl 1-AMACH population. The ALS gene has been 
isolated from Rl 1-AMACH and confirmed to contain a single amino acid difference from an 
ALS-susceptible smooth pigweed population. This single amino acid difference is responsible 
for the ALS resistance patterns observed. Further work is underway to produce a transgenic 
plant with this ALS-resistant enzyme. 
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Abstract 1 . A mutation in the ALS gene confers resistance to four classes of ALS-inhibiting 
herbicides in smooth pigweed {Amaranihus hybridus). Cory M. Whaley, Dr. James H. 
Westwood, and Dr. Henry P. Wilson. Virginia Polytechnic Institute and State Univ., 
Blacksburg, VA 24061. 

Smooth pigweed seeds were collected in 1999 from a field in southeastern Pennsylvania where 
acetolactate synthase (ALS)-inhibiting herbicide selection pressure was imposed over several 
consecutive years within continuous soybean production Herbicide applications each year 
consisted of ALS-inhibitors representative of the imidazolinone, sulfonylurea, or 
triazolopyrimidine classes. Greenhouse studies were conducted to evaluate the response of the 
ALS-resistant (R) biotype and an ALS-susceptible (S) biotype to four ALS-inhibiting herbicide 
classes. Results indicated the R biotype was cross-resistant to representatives of the sulfonylurea 
(chlorimuron and thifensulfuron), imidazolinone (imazethapyr), pyrimidinyloxybenzoate 
(pyrithiobac), and triazolopyrimidine (cloransulam-methyl) classess. Comparisons of ALS gene . 
sequences from R and S plants revealed no differences in the five ALS domains previously 
characterized as conferring resistance to ALS-inhibitor herbicides. However, a single amino acid 
mutation was found in the R biotype ALS gene in a conserved region previously unreported from 
herbicide resistant plants. The mutation in the R biotype was a single amino acid change in a 
region thought to be important in binding a cofactor, which may indirectly affect herbicide 
binding. 
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Figure 3. B.1 1-AMACH plants 3 WAT with imazethapyr (JMT) at various 



rates. 
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Figure 4. Rl 1-AMACH plants 3 WAT with pyrithiobac (POB) at various 



rates. 
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Figure 6a. Rl 1-AMACH nucleotide sequence. 

TCATCATCTTCTTCTCAAT^ 7 0 

TCACCGATGATAAACCCTCOT 140 
TCTCGTTGAAGCTCTTGAACGT GAAGGTGTTACCGATGTTTTTGCTTACCCTGGT GGAGGAT? CGATGGAA 210 

ATTCATCAAGCTCTTACTCGTTCTAATATCAOT 280 
TCGCTGCTGAAGGCTACGCTCGTGCTACTGGACGCGTTGGAGTTTGTATTGCCACTTCTGGTCCAGGTGC 350 

TACTAATCTTGTTTCTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCATTACTGGGC7\A 420 
GTTCCCCGGCGTATGATTGGTACTGATGCTTTTCAAGAGACTCCAATTGTTGAGGTAACTCGATCCATTA 490 
CCAAGCATAATTATTTGGTGTTAGATGOT 560 
TAATTCTGGTAGACCTGGACCPGTTTTGATTGATAOT 630 
AATTGGGAACAGCCCATTAAATTGGGTGGGTAT^^ 700 
AAGAGGGACTTCTTGATCAAATTGTAAGGTTAGTGGGTGAGTCTAAGAGACCTGTGCTGTATACTGGAGG 770 

TGGGTGTTTGAATTCTAGTGAAGAATTGAGGAAATTTGTCGAATTGACAGGTATTCCGGTGGCTAGTACT 840 
TTAATGGGGTTGGGGGCTTTCCCTTGTACTGATGATTTATCTCTTCATATGTTGGGAATGCACGGGACTG 910 

TGTACGCGAATTACGCGGTTGATAAGGCCGATTTGTTGCTTGCTTTTGGGGTTAGGTO 980 
GACTGGTAAGCTCGAGGCGTTTGCTAGCCGGGCTAAGATTGTGCACATCGA.TATCGATTCTGCTGAAATC 1050 
GGGAAGAATAAGCAACCTCATGTGTCGATTTGTGGTGATGTT7\AAGTGGCATTACAGGGGTTGAATAAGA 1120 
TTTTGGAATCTAGAAAAGGAAAGGTGAAATTGGATTTCTCTAATTGGAGGGAGGAGTTGAATGAGCAGAA 1190 
AT^GAAGTTTCCTTTGAGTTTTAAGACTTTCGGGGATGCAATTCCTCCGCAATACGCCATT CAGGTT CTT 1260 
GACGAGTTGACGAAGGGCGATGCGGTTGTAAGTACTGGTGTTGGGCAGCACC2WATGTGGGCTGCCCAAT 1330 
TCTATAAGTACCGA?iATCCTCGCCAATGGCTGACCTCGGGTGGT.TTGGGGGCTATGGGGTTTGGTCTACC 1400 
AGCTGCTATTGGAGCTGCTGTTGCTCGACCAGATGCGGTGGTTGTAGACATTGATGGGGATGGGAGTTTT 1470 
ATCATGAATGTTCAAGAGTTGGCTACGATTAGGGTAGAGAATCTCCCGGTTAAAATCATGCTCTTG7\AGA 1540 

ATCAACATTTAGGTATGGTTGTTCAATGGGAAGATCGAT^ 1610 
CGGGAATCCTTCCAATTCTTCCGAAATCTTCCCGGATATGCTCAAATTT GCTGAAGCAT GTGATATACCA 1780 
GCAGCCCGTGTTACCAAGGTGAGCGATTTAAGGGCTGCAATTCAAACAATGTTGGATACTCCAGGACCGT 1850 
ATCTGCTGGATGTAATCGTACCACATCAGGAGCATGTGCTGCCTATGATCCCTAGCGGTGCCGCCTTCAA 1920 

GGA.CACCATAACAGAGGGTGATGGAA 1966 



Figure 6b. Rl 1-AMACH residue protein. 

SSSSQSPKPKPPSATITQSPSSLTDDKPSSFVSRFSPEEPRKGCDVLVEALEREGWDVFAYPGGASMEIHQALTRS 
NI I RNVLPRHEQGGVFAAEGYARATGRVGVCIATSGPGATNLVS GIADALLDSVPLVAI TGQVPRRMIGTDAFQETP 
IVBVTRSITKHNYLVLDVBDIPRIVKEAFFIANSGRPGPVLIDIPKDIQQQLWPNWEQP 

NEEGLLDQIVRLVGES KRPVLYTGGGCLNS SEELRKFVEl/TGI PVASTLMGLGAFPCTDDLSIjHMLGMHGTVYANYA 

VDKADLLIAFG\mFDERWGKLEAFASRAKIVHlDIDSAEIGKNKQPHVSICG 
SNWREEIiNEQKKKFPLS FKTFGDAI PPQYAIQVLDELTKGDAWSTGVGQHQMWAAQFYKYRN 
FGLPAAIGAAVARPDAVWDI DGDGS FIMNVQELATI RVENLPVKIMLLNNQHLGMWQWEDRFYKANRAHTYLGN 
PSNSSEI FPDMLKFAEACDI PAARVTKVSDLRAAIQTMLDTPGPYLLDVIVPHQEHVLPMI PSGAAFKDTITEGDG 
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• Figure 7a. S r AMACH nucleotide sequence. 

TCATCATCTTCTT CTCAAT CACCTAAACCTAAACCTCCTTCCGCTACTATAACT 7 0 

ACCGATGATAAACCCTCTTCTTTTGTTTCCCGATTTAGCCCTGAAGAACCCAGAAAAGGTTGCGATGTTCTC 14 0 

GTTGAAGCTCTTGAACGTGAAGGTGTTACC 210 
CAAGCTCTTACTCGTTCTAATATC^TTAGAAATGTTCTTCCTCGACATGAACAAGGTGGGGTTTTCGCTGCT 280 
GAAGGCTACGCTCGTGCTACTGGACGCGTTGGAGTTTGTATTGCCACTTCTGGTCCAGGTGCTACTAATCTT 350 
GTTTCTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCATTACTGGGCAAGTTCCCCGGCGT 490 

ATQATTGGTACTG&TGCTTTTCAAGAGACT 560 
TTGGTGTTAGMGTTGAGGATATTCCTAGAATTGTTAAGGAAGCTTTCTTTTTAGCTAATTCTGGTAGACCT 630 

GGACCTGTTTTGATTGATATTCCTAAAGATATT 700 
AAATTGGGTGGGTATCTTTCTAGGTTGCCTAAACCCACTTATTCTGCTAAT GAAGAGGGACTT CTTGATCAA 770 
ATTGTAAGGTTAGTGGGTGAGTCTAAGAGACCTGTGCTGTATACTGGAGGTGGGTGTTTGAATTCTAGTGAA 840 
GAATTGAGGAAATTTGTCGAATTGACAGGTATTCCGGTGGCTAGTACTTTAATGGGGTTGGGGGCTTTCCCT 910 
TGTACTGATGATTTAT CTCTTCATATGTTGGGAATGCACGGGACTGT GTACGCGAATTACGCGGTTGATAAG 980 
GCCGATTTGTTGCTTGCTTTTGGGGTTAGGTTTGATGATCGAGTGACTGGTAAGCTCGAGGCGTTTGCTAGC 1050 

CGGGCTAAGATTGTGCACATCGATATC^^ 1120 
TGTGGTGATGTTAAAGTGGCATTACAGGGGTTGAATAAGATTTTGGAATCTAGAAAAGGAAAGGTGAAATTG 1190 
GATTT CTCTAATTGGAGGGAGGAGTT GAATGAGCAGAAAAAGAA.GTTTCCTTTGAGTTTTAAGACTTTCGGG 1260 
GATGCAATTCCT CCGCAATACGCCATT CAGGTTCTT GACGAGTTGACGAAGGGCGATGCGGTT GTAAGTACT 1330 
GGT GTTGGGCAGCACGAAATGT GGGCT GCCCAATT CTATAAGTACCGAAATCCTCGCCAATGGCT GACCT C G 1400 
GGTGGTTTGGGGGCTATGGGGTTTGGTCTACCAGCTGCTATTGGAGCTGCTGTTGCTCGACCAGATGCGGTG 1470 
GTT GTAGACATT GATGGGGATGGGAGTTTTATCATGAAT GTT CAAGAGTTGGGTACGATTAGGGTAGAGAAT 1540 
CTCCCGGTTAAAATCATGGTCTTGAACAATCAACATTTAGGTATGGTTGTTGAATGGGAAGATCGATTTTAC 1610 
AAAGCTAACCGGGCAC^TACATACCTCGGGAATCCTTCCAATTCTTCCGAAATCTTCCCGGATATGCTCAAA 1780 
TTT GCTGAAGCATGT GAT ATACCAGCAGCCCGTGTTACCAAGGT GAGCGATTTAAGGGCT GCAATTCAAACA 1850 
ATGTT GGATACT CCAGGACCGTATCT GCTGGATGTAAT CGTACCACAT CAGGAGCA.TGTGCT GCCTAT GA.TC 1920 
CCTAGCGGTGCCGCCTTCAAGGACACCSATAACAGAGGGTGATGGAAG 1990 
CTTTATAGAGGAGAAGCTTTTTTGTATGTATGTTAGTAGTTCCATAAACTTCTATATT 2046 



Figure 7b. S-AMACH residue protein sequence. 

SSSSSQSPKPKPPSATITQSPSSLTDDKPSSFVSRFSPEEPRKGCDVLVEALEREGVTDVFAYPGGASMEIHQALTR 
SNIIRNVLPRHEQGGVFAAEGYARATGRVGVC3^TSGPGATO 
PIVEVTRSITKHNYLVLDVEDIPRIWEAFFLANSGRPGPVLIDIPKDI^ 
ANEEGLLDQIVRLVGESKRPVLYTGGGCLNSSEELRKFVELTGIPVASTI^ 

AVDKADLLLAFGVRFDDRVTGKLEAFAS RAKI VHI DI DSAEI GKNKQPHVS I CGDVKVAIiQGLNKILESRKGKVKLD 
FSNWREELNEQKKKFPLS FKTFGDAI PPQYAIQVLD GGLGAM 
GFGLPAAIGAAVARPDAVWDI DGDGS FIMNVQEIATI RVENLPVKIMLLNNQHLGMVVQWEDRFYKANRAHTYLGN 
PSNSSEIFPDMLKFAEACDI PAARVTKVSDLRAAIQTMLDTPGPYLLDVIWHQEHVLPMI PSGAAFKDTITEGDGR 
RAY 





Figure 8. Amino acid sequence alignment of Rl 1-AMACH and S-AMACH ALS gene. The 
mutation is indicated on top of the alignment (#) at position 375 within the highlighted region. 
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SSSSQSPKPKPPSATITQSPSSLTDDKPSSFVSRFSPEEPRKGCDVLVEA 
SSSSQSPKPKPPSATITQSPSSLTDDKPSSFVSRFSPEEPRKGCDVLVEA 

LEREGVT DVFAYP GGASMEI HQALTRSNI I RNVLPRHEQGGVFAAEGYAR 
LEREGVTDVFAYPGGASMEIHQALTRSNIIRNVLPRHEQGGVFAAEGYAR 

ATGRVGVCI AT S GPGATNLVS GLADALLDS VPLYAI TGQVPRRMI GTDAF 
ATGRVGVCI AT S GP GATNLVS GLADAI*I*DSVP LVAI TGQVPRRMI GTDAF 

QETPIVEVTRSITKHNYLVLDVEDIPRIVKEAFFIANSGRPGPYLIDIPK 
QETP I VEVTRS ITKHNYLVLDVEDI PRIVKEAFFLANSGRPGPVLIDIPK 
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101 
101 

151 
151 

201 
201 

251 
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301 
301 



VL YT GGGCLNS S EELRKFVELTGI PVASTLMGLGAFPCT DDLSLHMLGMH 351 

VLYTGGGCLNSSEELRKFVELTGIPVASTLMGLGAFPCTDDLSLHMIiGMH 351 

# 

GTWANYA\n)KADLLIAFS^^^^^Sl.EAFASRAKIVHIDIDSAEI^ 401 

GTVYAN YAVDKADLLIxAt^^^^^^gLEAFASRAKIVHIDI DSAEIG 401 

KNKQPHVS I CGDVKVALQGIiNKI LESRKGKVKLDFSITWREELNEQKKKFP 451 

KNKQPHVSI CGDVKVAIiQGLNKI LESRKGKVKLDFSNWREELNEQKKKFP 451 

LSFKTFGDAI P PQ YAI QVLDELTKGDAWSTGVGQHQMWAAQFYKYRN PR 501 

IiS FKTFGDAI P PQYAI QVXDELTKGDAWSTGVGQHQMWAAQFYKY RN P R 501 

QWLTS GGLGAMGFGLPAAIGAAVARPDAVWDI DGDGS FIMNVQELAT I R 551 

■ QWLT S GGLGAMGFGLPAAI GAAVARPDAWVDIDGDGS FIMNVQELAT I R 551 



Rll-AMACH VENLPVKIMLIiNNQHLGMWQWEDRFYKANRAHTYLGNPSNSSEIFPDML 

S-AMACH VENliPVKIMLLNNQHliGMWQWEDRFYKANRAHTYLGNPSNSSEIFPDML 

Rll-AMACH KFAEACDI PAARVTKVSDLRAAIQTMLDT PGPYLLDVI VPHQEHVLPMI P 

S-AMACH KFAEACDI EAARVTKVS DLRAAIQTMLDTPGPYliIiDVIVPHQEHVLPMI P 
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